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[Abstract] 

[Problems] To enable conducting an appropriate error 
correction processing and to realize data communication with 
good transmission efficiency. 

10 [Solving Means] A transmitting end divides respect ive code 
words according to a ratio of a less noise period and a more 
noise period and rearranges the code words so as to be included 
in the less noise period and the more noise period, 
respectively, and a receiving end rearranges the code words 

15 inversely to the transmitting end. 



[Fig. 1] Fig. 1 is an . explanatory view concretely which 
shows one example of the configuration of a receiving system, 
such as a communication modem, in an ADSL communication 
20 device which is the first mode for carrying out a 
communication device according to the present invention. 

[Fig. .5] Fig. 5 is an explanatory view concretely which 
shows one example of the configuration of a transmission 
25 system, such as a communication modem, in the ADSL 
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communication device if turbo codes as one type of codes 
for an error correction processing in the first mode for 
carrying out the invention are used. 
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31 ? - l Ac £fnE-r s d * t -r 6 a«*«fc, 

^i»(ixDSLi«t'fc5:«!:t»»i:t5a«* 

ft. 

[0001] 

[0002] 

M*«T^^7—2«fi£Lfc»g\ 317-tfc^^lT 
[0 0 0 3] 

lftWtim&:L£ 1 b-fZWkM] Lti-L. ffij£<nm&tif 
[0 0 0 4] ffijxH ^aff^BirftHoilff^M^coP^ 

/-<xcd^v>x— ^ama«Pfl*i3i7— a* 
*^7-^a*»ia^ttgf^*{fl[B#pflrt{^£^ 

±Ox7-^Mt5ct(j:^< % IE^(Ciii7— tTIE 
-^a«fflBBTttWS*ffiWWrt^3fS<oW*«±<oiii 

±X<OT i —fi&=7 — , i^(C^7^^#< /^oT 

[0005] ^/c, y-r xco^^-r-^afifflW-cbSf 

1> jEffi'^^i ^ — ITjE^a^rtT 0 z\ki>X£ Z 0 LtJ^L, 

?y h(Dm&tfmz-x 317— trjEteattjEft 

[0 0 0 6] *«Mfi^<oj;5/j!BgjHS:»ft-r6^i<>^ 
te£frfti>v>x\ m&te^—ftJEim&ftizt&x- 
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[0 0 0 7] 

N\m^7*V— — =i >AQ.aS: LfcfSL 7* 

[0008] xftwicghzmmmmzs v"-^ mm com 

— Kai7 — = i^->3 VAQfSSrtToT^^— LfcSB 

^r^tw^r/#x.^n. atrial— ^^^oittc^ 

-frT$MPI $ fitly"— * £fftfEnL ^ -o^V >»PdIfC3fet/# 
[0 0 0 9] *BHfcff «9tt*£tt. x-^iSffco^ 

"P(0^7— ri*3S£L*:^£\ 7t!7-Ki7-^U^v/ 

^ ^JWW i BtrlE^ 9—(D^^mm t (Ditlz&ttXftWI 

^^'7— = v-3 ^mm&ftix^? 

[0 0 10] 7^— ^ilfffix DS Liifl -C$>5 0 
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[ooi i] &it x T-*mmi*w,*)mmmx<hz> 0 

[0 0 12] 

^Tw*U6^ffiT-tt. ilft mm* x D S Lii«* 
^lot*$)6ADSL (Asymmetric Digital Subscri 
ber Line) ii«&tf 5 t><7>£ LTfftW-raa*, 

[0013] ::txDS L&mJ?3£kte % fi^, W£S 

/uilff ADS Liift^rS;^, HDSL (high-bit 

-rate Digital Subscriber Line) iHf*it, VDSL 
(Very-high-bit-rate Digital Subscriber Line) iiff 

H DMT (Discrete Mult i Tone) l£^i^jt^O F D 
20 M (Orthogonal Frequency Division Multiplex) 

[0014] am *ftwiz{&zmmmm<Dmm<om 

v*U4«flHWB« (WT, aM»*4:if^. ) <o««(0- 
MSrAftW^LfettWH-efeSo H 1 Jc*sif^r, l fl 
-r/is^ls y 9 = > h D—/u (Mux/Sync Cont 

rol) % 2, 3li^-r ^ ]) V y^yisi/j ? (c 

rc), 4, 5l«tJ<»x.Mi LT^^yyy/u • 7 
^-!7— K^7 — u-^->3 v(Scram and FEC) % 6 
30 7tth-^-yy >^(Tone order in 

g), 8 fi=3 v- 3 — y • 

y ^^(Constel I at ion encoder and gain scaling), 9 
tti»ltt»7-y3i«|ft»(IDFT), 1 OfiA^/^WU/ 
->y 7/^^77 (Input Paral lei/Serial Buffer), 1 
mmm^&t LWto^oty^^ • D/A 
=i ^ (Analog Processing and DAC)T*^>^ 0 

[0 0 15] 0 2 11 *»^tC«5iift3S«OS|Jfi^ 

^0 WS:A»:W(^L^iKWiaT-«>5. Ia2^^v^-c. 2 1 

(Analog Processing And ADC) , 2 2 flB^Ps^ 
S«Oifi/C*ffi«!fSS:fir5 K> >4 =»7-Tif (TE 

Q ; Time domain Equal izer) , 2 3 liA^l v- y 7/\s//* 
=7\s;i>s<y7 7 ^ 2 4»ifB»7-y m^gfi (DFT) , 
2 5 l^fift K> >f = if (FEQ ; Frequency dom 
ain Equal izer) % 2 6li3V^f l^-^ayxyn- 
? - foO^+r—}) ( Constellation encoder and 
gain scaling) , 2 7 li h # V >^ (Tone ord 

50 ering) , 2 8l±^-r>^— y— y (De inter leave) % 
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2 9, 3 OteW&m^&RXfx-y—niEtim^&k IT 
of^^7yy/t" 7^-!7-K^7-=»i/^v'3y (De 
scram and FEC) , 3 1, 3 2 fli^-r ? V y ? V 
y*S4^x- y$ (crc), 3 3fi^zi. y2 7s/>/^<7^ s 

ho— (Mux/Sync Control) -C£>£ 0 

[0016] &tc, (3 1 mim 2 *ffl^"C»ff SrKW-T 

tB^r—? te^z^y* U-;^/y>^ =2 y h n — /U(Mux 
/Sync Control) 1 Ul«fc «9 ^Mit U if-f * y y ^ y 

U 7t!7-Kx7-3l/^v'3y4 ( 5t'FECffl3 

— KWteJ:^^ 7>^Ml, i^(-<totlj: 

lOCt^^wt'/yyr/^L, d/a^w<— ^ 

10 0 17] -yy, g«#^»flMfcRWr5£, 7fp 
frfv-ty^^f • a/d=* ^ 2 i asgrfi&tcfct 

7>ff (teq) 2 2*aL-c«rnB««^ajc«k«! ! a 

— AS'>!)7^7W^^77 2 3£i&Ei3L 

*7-yicR»ffl (DFT) 2 4T*Bt»7-ym^$ 
tt, iKah7W3 7>ff (FEQ) 2 5fc:J;0JS« 

— > 3 v^y^— y . v*>t-— y >t/2 6tcj: DCo 
nstel lation^— ^£f?£U hf*—?}) >?27X 

♦>y Tv^—^id^u r^^7y7'/i-7t7-K 

U ^laotlj:, f^y^-y-7 / 2 8$r^ttr 
^ ^ 7 • 7t7-K^7-^l/^y3y30tF 

Ec^^7yy/«u ^co^, i^-i'^y-y^y 

^/-yy^^y hn- (Mux/Sync Control) 3 3f£j; 

^7-^^tSp 

[0 0 18] 3L7-tT3E^aS:tT9i!lf^^o^-C 

T-^6o H3lC:fc5^T % (gj3 (a) li^^7 7>^/U-7 
t7-Kx7-3^y 3 y4, 5fc:tettaFECft!.3 

^.ts^T-rriEKtssacox-^, 0 3 (b) 12*^ 

• :7*!7 — Ki7- =1 > 3 >4 , 5 Cioft 
5FECMi(DT-^, 13 (c) tt**7V^A'- 
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7t7-Kx7-3l/^y 3 y4, 5 M:l3l*£&t/#£. 

8t4^3W<-htei«wf-^, HI 3 (d) lie 

— n U^^a >2 9, 3 OCA^^n^r-^, H)3 

(e) lix^^ 7 • 7* !7 — K^7 — =» >b 

^2 9, 3 0(c*5»+-5WiEH«-i-/S:t>*>3>'^<— hfeS 
tfetf)^— m3 ( f ) Ht^^ 7 • 7^-57 — K 

x7-3l/^y3>29, 3 OMiotfS F EC^If^) 

70 [00 1 91193(1. effl«»S£te<Dii{S3£H£0>HJ 

Ltt^o 0>Jx.tf, ADS LilffgB^ TCM- I SD 

'PtH^T*— ?m\tW$X&>Zi F E XT (Far-end cross 
talk) MPfli:, / J X(D&\,^—*mmMr$X-tbZNE 
XT (Near-end cross talk) t^^tEi~^^^Xh 

[0 0 2 0] <S«(»J^>»f^>*-f, -^vU^Xl^^* 
/*/^{? = > h (Mux/Sync Control) 1 fCj;£^Ji 

ik. int* y y ^yywfx^ 2, 3^5 

i^ttSffl = -K^Mo (H^UttuO ^rtTofc^, B 
3 (a) (C^£*l£cfc X<D'J>fa^mmt J<<X 

(D^^mmt^^^^^/^t 6 v-Vtf/K 3 v^^^yu^ 

30 * y i/B> 4, 5 11, R- 

fT9o FECteaSrfTPt. # = - K!7- 

3 (b) l^-TJ: 9tC *»t'/Tt^yf^fyhW 

5 1 =3— K!7— Kte2 v/y/f/UT'feS, 

[0021] ^^7^>^/u • y*v— Kai5 — = 
Ui7>- 3 v4, 5ii % fec^^^ot 5 — ^co3£rj^# 

x_ s i-4^*>= w<— haLssrfT^o a 3 (c) ic^-r 

7j<yu^4>^6, o$M/i 0^yy/fyu^6/i 0i/y 
tf/i^l^tt. 4/1 0 v->-7K/Hi^>y<— hft^y ^ 
X^>*l^P B ltcfflSrS 4 v->7KyKCHX^5 J; 

rj^#^L, 6/1 Ov/y^/Hi^y^- Y'&v);^ xco# 
5 0 tit, s4x<o<}>t&\i*m%k/4x<D&\i*mwik 

<Dt£tf3Zt7XhZ'&¥<D 1 0'>>'^^iCo^/^T*i, ^ 
isytf/\s%3tt7 ^ o^»9 3/1 Oi/ytf/Ut 7/\ 0 

3/1 0 yy^tt^y^- h^(7) 
50 / -f X<7)/> & V ^HfiflKfl s t-5 3-yy tjomcjIx * ^ J; 9 
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[0 0 2 2] 13 ( c ) h*G;St£<£>7*<- 
ix— >3 y . >^/r-.y , ig 

[0 0 2 3] <Sff{R'I^EIjft>fiill^^^LTg:«^^l 10 

* 2 1, $4 A Kp< W 37>ff (TEQ) 2 2, A^ 

(DFT) 24,M*K>W37>ff (FEQ) 2 
5 % ^>^-r u — > 3 yxy^-y • >rV >-^^— ]) > 

^26, hy^-yyy^27 N ^ v^-y — y 2 8 
^r#^^tT^ix, El 3 (d) (o^-f £ 0 t^—vfr 

"T* $ 7 ^X/l" • 7 * V— — =3 l/^y 3 y29, 

3 OKA^ftSo 0 3 (d) (Cio^5^coa5^^> 

[0 0 2 4] IU3 (d) l:,Ttr-^^^ix5^ 
7^^7^^ • 7*7 — K^7 — *>3 >2 9, 

*fto 0 o^<9, y^x<&'>*i*#iwjfc y 4 x<D&\,*m 

^ftb 1 0(®<£>4/ 1 0 ->y^KOf- 1 0B<Ois 

Pe1£6/1 0 S/V'jtf/H 0ffl^#tj\ ^^Lbl0i®C0 6 
/l 0 ->>-^/KO^— 1 Offi^C/^/l^ft^xtC 
ltX^5ct 9^#^T, H3 (e) {C^-Tct^^ffitC 

t^c tut, s -<x<D'jsf£\,^Mm£ ; x<Dg,\,^mm 
t(nttfr3*t7x*&>zm¥ 1 0 v->^/u^o^rii, y 
4 xcwpt^mr^* z / 1 ov'vzK/n ofg^^tt, ~ 

ixb l 0{@co3/ l 0 ^vrtOuo-r— ^£ l 0M<Dis^ 

£ 7/ 1 0 ->y#;H 0<@tC$7f1\ rttb 1 0{@<7)7/ 

1 0 v^^/M^x— ^£ 1 Office C/V^/i^ft^ftfziiX 40 

mz (e) i^-r-t 5 

So 

[0 0 2 5] ±.m<D£?fj:!&m*'i = T0Z.tlc£i9^ El 3 

(e) jcTj^i-ii^, y-r xcr>'pt£\<^%\mt ; -rxo^> 

te, 2 *>>7tf/K7>& 1 =1— K!7— Kft^ y-rx<7v>& 
i«1^7-^^4/i0'>y^x2^ y^X(D# 
l/^raco^r — *a*6/ 1 0 '>y^x 2 t^ittar. 
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^ ^jtHPfl t y -r xco^i/ £ <z>Jta* 3 2* 7 -e*> 6^ 

l 0 S/^sK/Mdoi^T tifeNHlc, & 1 =1— K7- Kfc** 

[0 0 2 6] LT, v^r/i^ • 7;*- 7— 

— = U^->3 >2 9, 3 011, HI 3 (e) l^ti^/j: 
^ 7 ~ COfd^^l^— {b £ ft fcT* — ^fCO^TF EC 

£m\ i3 (f) tc^-TJ: ifc:*7— irEdfifcT*-- 

[0 0 2 7 ] (2)3 ( f ) IC/TtFECfelSW 

3 1, 3 2 UlJ:£&L5l£:m\ S a. y * n > 

hn— /u (Mux/Sync Control) 3 3 X 9 t"— * SrS^ 

[0 0 2 8] jS9J*3i7-friEfea4rtT5w^}5S 

X. *»W*0»«rfc»fTlftW-r5. El 3 (a) (C^-T^ 
^^>X/U • 7^- , 7— K^7 — ^U^v-3>-4, 5(Cio 

ffim<omtiLtiFfflx&z> 1 3— Ki7— K*r2*>^#/K y 

-fXo^/il^^cD 1 =3— K!7— b^(D^^ — ^2y<^ 
h, l K!7- KtWX7-$r 1 

0'M h, Wt5^yf^ t'y h^r 1 K7- Ktc 

1 3— K^— K^{C 8 ;<<J b£XT<D*.7 — ^oi>r*i^ 
[0 0 2 9] »1 /^Xtf)Ml«Wf-^|;o 

^(COV>T(L ^(7)^Pb1(7) 1 3— K!7— K^cooi^— |i 

^^i^-^trjE-rsr t&xz-r , ^ bcr«^ 1 

3— K7— KcfiO^iTcOx — ^ 1 6 0^V — i 

tcov >T ^ 7 -#fnET- * ^> -t 5 ^ 31 9 — pTIEh^^ ^ 
mtfX 1 3- K57— 1 0'U b£XTfTlE*imk1rZ> 

t, ^y x-r tr* hn-tofl8P<z>2 o^w i 3- k^7 

[0 0 3 0] wfttc^tL, *Hl£<0^flgl KfcttSiHl 

^m-fZo g««J-e, 0 3 (d) (OTtr^^7yX/u 

•7^-7— K^7 — 3 >2 9 f 3 Ot-A^^tl 

ZT — fKOx.? — ^ ^X(D'>^«T'2^K 
y ^XO^^PpIT' 1 0/<-f KT'fc^o ^ntCiiiittiD^ 
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bmm&ftitzm3 (e) k^-t^— ^ico^ *Ti-t&^-r3 0 
x\ /^x^Mv^u y 4 x<D&\i*9flffit<Dit&4 [0 0 3 1] <y ^xco'>/^>#iP^<h y ^x^#v>jbri 

( l K!7— K^co^— ) 
= (y ^XW'>4v^r^r-^^x7- ) + (y>f X^^fflffl^x — 
0^7— ) 

= ( (y ^X^^fc^JHRSJO 1 =3— K*0>^7— ) X ( 1 a— p>7— 

<z>y -fX^^aHor- ^<z>#l£0 ) + ( (^X^v^Ffloi^-K!? 
— K^co^—) x ( l =a— K!7— K*0>y>rX<0^Jfflnj)<z>7 f — ^ ) 
= ( (Z'<4 b) x (4/ 1 0 -»^x 2f@/2 v'V'dOu) ) + ( ( 1 0'W 
h) x (6/l0v'y$>x2i/2^y^) ) 
= 0. 8 + 6 
= 6. 8s<4 b 

/ 4 xn&t&^mmt s 4 x<D&\**mia£<Dtttf4tt6 ^ [00321 < j 4 xw&t&mx^t j 4 *<r>^m% 

1 K57— K*C0^7-fi6. 8^h t<^it^3»7t?feS4i^> 1 a— K!7 — K*<0^7~ 

( 1 ^ — K*7— b^(D=^y— ) 
c£>j.7— ) 

= ( (y >T Xtf>'>#^#HH(a 1 K7— K<p£>^7 — ) X (ln-K^-Kt 
(o; >f Xw>4^»|Rl©f-^o|i|^) ) 4- ( <y>f Xtf>^j«w}<0 1 =i— KC7 
-K4>^7-) x ( 1 =1— K? — Kfoy ^fX^^^fflr^r-^^) ) 
= ( (2/<^h) x (3/io«>'y^ux2(l/2'>y^» ) + ( (10^ 
h) x (7/i0'>v#/ux2fi/2'>y^» ) 

= 0. 6 + 7 
= 7. 

y X<D'>/j;i, ^ffl <t y X<7}^ ^ffl <t <D\tfr 3M7 
X&>Z>m&, 1 3- K^tf^y — fi7. 6'M h 30 

T 317— &friE-tz>zt&r*% So 

[0 0 3 3 J o£«9, /N°y ^-f tfs/ h^ifJOi* if 

[0034] £fc, ±xE<DiftM-ett, i2§{f{f0JT\ 
tf/u& y ^ X<z>4>fc^#ira £ y -f X<o#t >fflf^ <t oitfc 
^^-ttx^tt. tnm/^x^Mi^^ y ^xo 

0>=w<— h&Ji&o&a — K!7— kp^&^t, y-f 
xco/>/^ i mm ts<< xn&mm t ^>\t\^^xt 

ti?th<nMmv>T*-*tfi&i£Z>£ oftXfWx-&rrz.ti& 

<omxi*. &mm\x\ ^yy^Mx^^^w 

t y *f X<D£\,^Mfflt<DStX&>Z>4 : 6, &>£VMi3 : 
7 ici-g^itT, 4/10'>y^/u«i:6/lOyy/f/K 
£>6^te3/ 1 oyy^<!: 7/1 0 o-tfOu^ d# 
tt, %ti?frs><x<n>ptj:\,mmts>(X<n&\<mm£ so 



S s< X<D£\,^mfflt<nttX&>Z>4 : 6. &61M23 : 7 

M^fcHtr* 8/ioyy/fy^i2/ioyy^/K 

£>£lM36/l 0i/>7n/lst 1 4/1 Ov'V^/U^fc^ 

it, zti^ti; ^ xw&fommt ; ^ x<D&\,mmt 
na t y -< x<o&^mm t <Dt£\z&ttx*ti?ti<Dmm 

[0 0 3 5] W±Jft0!LfcJ;9l^ 
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// 

mm t utiie^ 5-<D&\,*mrn t <Dtt\z&ttxft&i u 
[0 0 3 6] i -cr±* afct/#x.ar/H 

7t!7-Kx7-3U^>> 3 y2 9, 3 0 7^ffo 

^ 7>y/l/ ■ 7^- !7 — — 3 l/^>3y29, 30 

[0 0 3 7] ifi«im -o-^-y-:/ 

t\> H5lt HifSo^l ^*3(t-5^7— fTiE^^l 

a- KSrttfli Lt»^AD s LmmmwKomm^^ 

So E5St>'!H6T-fi % ±SiLfcJ: 9tw-f X 
— ^4 1 St>7-^^- ^4 2 £ffll^T 

Z<D9 — — 1 RXff— sK = — Kf= 

— ^4 2F^<7)x~^C0^t^#^O^^^^T^-r6 

[0 0 3 8] HJffi^Jgffi 1 T*tt, 1 0 i/y^S 

y -< Xtff> ^fflHiy^X^t^Mi^tiit 

>"3jOU<b 6 v^/tf/K 3 ->>-7K/U(i: 7 i/>7$/\st\<^0M 
{4-C£>9. F ECfel<Z)S^iWflT$)5 1 3- K 
9- K^2^>7K/UT-fe^>^tCo^Tlft0^Lfc^, fti 
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fea 0 (U7ti, i o^y^fti;y>f x^/>4v^»|ffl^ 

pa <t / xo#v ^pfl t 4 \z7jk-tm& t »tt 9 4 *> 
> v aou-e &> 5 ^ut^6^\ 04 ic^-rs<& £ 

[0039] -mmmmz. ±&mm<nj&m i -m, a 

[0 0 4 0] ::t?tW»i«»lilt ttffo«/3i» 

[0041] mm<omm i^ads La« ^a<t 
30 i tm&xtbztLtb, mf$.Rxf±»<Dmft<DtsiyiteGm 

Kf^Sr^-rBlWiaT'feSo 0 8^^ MS (a) n 

^jt^FEc^smr, CTx.f^ y — Kyo^y r 

H)8 (b) 11^^ y>y^ • 7^-C7— — =i U';? -> 
3>4, StC^oft^F ECM^(?)f- (H8 (c) 
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